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LSM DESIGN REVIEW AGENDA

SCIENTIFIC OBJECTIVES AND OPERATIONAL EXPERIENCE

ELECTRONIC SUBSYSTEM DESIGN

Design Requirements and Philosophy
Block Diagram

Interface Requirements

Development Testing

MECHANICAL DESIGN

Design Requirements
Interface Requirements
Human Factors
Development Testing

ELECTRONIC PACKAGING DESIGN

Packaging Constraints and Approaches
Development Testing

THERMAL DESIGN

Design Requirements
Thermal Modeling & Results
GSFC & Bendix Test Results
Lunar Temperatures

QUALITY ASSURANCE

Reliability and Quality Assurance Requirements
Organization and Planning

Parts Selection Qualification and Screening
Control of Procured Items

In-process Inspections and Controls

Test Control

G, TESTING

Electronics Subsystem IPT
System Testing
GSFC and Bendix Tests

H. ANOMALIES REVIEW

L

DISCUSSION

Dr. Sonett
Dr. Dyal

H. Roberts

W. Nelms

B. Lieb

C. Zierman
and
J. Arveson

T. Whittemore

M. Felgen
Jd. Fairman
Dr. Dyal



SCIENTIFIC OBJECTIVES AND OPERATIONAL EXPERIENCE
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.~ TEST HISTORY CONTINUED

ALSEP SYSTEMS TESTS AT BENDIX

|. BRASSBOARD ELECTRICAL INTERFACE TEST

MECHANICAL MODEL TESTS
ELECTRICAL BREADBOARD TESTS
. ENGINEERING MODEL TESTS
PROTOTYPE TESTS
QUALIFICATION MODEL TESTS
FLIGHT | TESTS

FLIGHT 2 TESTS

TEST LIST

© W O N O U & W N

=SErx<C—IoOmMMmMooOo>
NEX—HOPIN<ZIIMO—MU
— LML —> P=>X}0
OoOMUOOWWMMO—"TUM
VD= MOTLNDOWLMMIr

1. DISCREPANCY REPORTS

HUMAN FACTORS, ASTRONAUT TRAINING MODEL
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APOLLO 12‘MAGNETOMETER CHARACTERiSTICS

\ Parameter

Value

Range

Resolution
Frequency response

{ Angular response

Sensor geometry

Commands .
Internal calibration and sensor

flip

Field bias offset capability

0 to #hOO gammas

0 to *200 gammas

0 to ilOO.gammas

0.2 gamma

de fo 2 hertz

Proéortional tb cosine of
angle betweén magnetic-field

: vector and sensor axis.

Three o&thdgonal sensors at
the end of 100-centimeter
booms

Orientation determination to
within 1° in lunar
coordinates

8 ground and 1 spacecraft

180°_flip_

0 iés; 50, and iTS bercent of
full scale

0, ¥25, #50, and *75 percent of

full scale




APOLLO 12 MAGNETOMETER CHARACTERISTICS - Concluded

Parameter

Value

Modes of operation

Power

. |Weight
Size

Operating temperature

Orthogonal field méésurements
Gradient measurement

Internal calibration

3.5 watts average in daytime

T.5 watts average in‘nighttime
8.9 kilograms

25 by 28 by 63 centimeters

. =50° to +85° C

/
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Feedback winding

0,

Sense winding

Feedback
field

O

4

G

Drive winding

Amplitude

I s

s

Ambien
field

-
~—
.-
~e
-

»Time

Toroical core

' Drive voltage /\ /\ /\ /\ /-\
| 2R VAR AN\

Permeability

Ambient field

‘Sense cojl fluxl_inkages—| J——l M1 M —

fa e

Sense coil output voltage _Uﬁ‘ JL N n

AmpllfledandfllteredSIgnal\ /\ /\ /\

\/vv’\vv‘vvvv

Demodulated signal WWWU\/\M](

Filtered demodulated signal

Demodulated reference signal :-I__

AR

T

H

T 1
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Flux gate
sensor

“Flip rotation

rotation 90°

A



Glass heat felt insulation'

~ blanket 1/2-in. thick

' d

L4
'd

'ﬁérabolic refléctor n
. array (PRA) AN \/ A

- 2 ~ Electronics box

- : (20 mil aluminum)

N\ultilayer insulation blanket.
40 alternate layers of aluminized
Mylar (1/4-mil thick) and

Dexiglas (3-mil thick)
“approximately 1/2-in. thick




i

LSEP
Moon Apollo 12 A
' magnetometer | | central
station
Unifiad S-band
equipment
Manned Remote site Remote si . Raw data
S&ace Flight command ) temote site Ground Recorders tape: 14 |
etwork computer ata processor station , track,
. 3-3/4 1PS
%
o 1
——— Modulator - Eﬁ
1 demodulator
— L T |
g - ~ .
o | N CDC 3200 Digitat
Goddard computer compuler |
Space Flight " Modulator . Command . telemetry compzlibie  J
Center -~ processor systems tape
. . ) .
— -— i -
t
Apolio  © .
computer Univac 1108 - epgl-eiEeiis
Manned syslem computer d*“‘
Spacecraft 1 . . aa
Center/ - L,]
Mission v 14 1
Control ALSEP Computerized
Center computer |  command end Magnetometer
: system |1 telemetry sysiem data tape
. Analog
Print-out recording

AMES Research
Center

18
1020!7094

——

Data

Data




COMMAND LIST
Comménd Function
oh2 Operational power ON
oLs5 Power standby |
123 - Range select
.12k Field offset
‘ 125 Offset address
7 Flip-calibrate inhibit
131 Flip-calibrate initiate (Also
initiated every 12 hours by
the ALSEP timer.)
1322‘ Digital filter bypass
133 Site gurvey

13k

Thermal control

==L



- TELEMETRY DATA

Status bits

3ﬁigp Subzgzﬁzzited Enginee;igftanalog
(vit 10) (vits 9 to 3) 1 2
5 1 X-sensor X-flip X-flip
temperature position
2 Y-sensor Y-flip Y-flip
temperature |
3 Z-sensor Z-flip 'z—flip
temperature ‘
i Gimbal flip unit X-gimbal Y-gimbal
temperature
5 Electronics’ AZ—gimbal Temperéture
. temperature control
6 Level detector 1 Spare Heater
state
T Level deteéctor 2 Range Range
8 Reference voltage |Spare Spare
9 ~ Same as 1 X-offset X-offset
10 Same as 2 |X-offset Y-offset
11 Same as 3 Y-offset Y-offset
12 Same as L Z-offset Z-offset .
< 13 Seme as 5 Z-offset | Z-offset
1k Same as 6 Address Address
15 Same as T Filter Inhibit
16 Same as 8 Spare Spare




TELEMETRY DATA — Concluded

ALSEP Subcommutated Engineering analog Status.bits
word chénnel T-bit
(bit 10) (bits 9 to 3) 2
17 10 bit X—éxis magnetic
field
19 10 bit Y-axis magnetic
| field
21 10 bit Z-axis magnetic’
field
Lo 10 bit X-axis magnetic
' field
51 10 bit Y-axis magnetic
field
53 Z-axis magnetic

10 bit

field

Vi

———



APOLLO 12 MAGNETOMETER EXPERIMENT OPERATIONS

Time (G.m.t.),

Date hr:min Operation .
Nov. 1k, 1969 16:22 Lift-off from Kennedy Space Center
Nov. 18, 1969 1h:32 Lunar landing '
Nov. 19, 1969 12:55 ALSEP removed from Junar module
Nov. 19, 1969 i3:k1 Magnetometer removed from ALSEP
Nov. 19, 1969 1h:01 Magnetometer deployed by Conrad and

Bean 4 - ' :
| Nov. 19, 1969 1k:02 Magnetometer photographed
Nov. 19, 1969 1k4:39 Magnetometer turned ON
Nov. 19, 1969 1h:Ls Magnetometér range seiected
Nov. 20, 1969 11:09 First flip-calibrate sequence
} completed

Nov. 20, 1969 1k:26 Lunar module ascent
Nov. 22, 1969 22:50 | Site-survey sequence started

Aarmendih s e ..

/2.

-
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12,
13.

140

HARDWARE STATUS

Item

Electrical Brassboard Simulator

Thermal Model
Electrical Breadboard

Engineering Model

Prototype Model 1LSM #1

Qualification Model LLSM #2

Flight Model LSM #6

Flight Model 1.SM #4

' Flight Model LSM #7

Flight Model LSM #3

Flight Model LSM #5

Human Factors Training Model 1

Human Factors Training Model 2

Ground Support Equipment 1

2
3
4

Use

Test

Test
Test

Test

Apollo 12
Apollo 15
Apollo 15 Spare

-~

Mechanical Com-
pPlete. Electronics
Incomplete

Apollo 15 training
Repair

Tests

LSM-7

LSM-7

LSM-4

[T T e

/7

Location

Ames
Ames
Ames
Ames
Ames
Philco
Moon
Philco
Philco
Philco

Philco

MSC
ARC
ARC
Philco
Philco

Bendix



ELECTRONIC SUBSYSTEM DESIGN
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FUNCTIONAL BLOCK DIAGRAM — MEASUREMENT FUNCTION

SENSOR ELECTRONICS

1

[- ?'CH.' SCIENTIFIC DATA
FB x QuTPUT | X=CHANNEL
SE | SENSOR X-CHFB
| ELECTRONICS
_pRivE DENOD
| @-REF
“Y-CH SCIENTIFL
r8 v loutpyr I Y- CHANNEL DATA
£NSO SENSOR Y-CH FB
| | Ecectronics
| DEMOD
B-REF
| Z-CH
CIENTIFIC
DATA iy
2 | .ouk Z- CHANNEL
! e OUTER Lol SENSOR | 1cw ro %
| ELECTRONICS -
| -
by
) DEMOD -3 I
| g b TEEE
NN will
\ H il &
| 1 [
| L]
|
w ! SENSOR CAL. OFFSET
1 COMMON BIAS GENERATOR
ELECTRONICS ‘
|
|
|
IC.L"C_"_ —_ e ] 4] —
“X SENGOR FB
Y _SENSOR FB
7 SENSOR FB

’ ()]

X OFFSET
(3)

FIL)

JER
BYPASS CLOCKS
CMD

7v1vQ "NION3 H) S90TVNY £

NORMAL- REVERSE
OFFSET CONTROL

YOFFSET
()
Z OFFSET
IoN
" |ranGe "]
CONTROLQ)
OFFSET
CMD
LOGIC
CMDS, |

(xY,Z)

OFFSET CONTRIOL
@

FLIP_ CAL/INITIATE

TO ENG DATA
SEQUENCER
RANGE SELECT
STEADY FIELD OFFSEY
L orrger APDe
FLIP JCAL INHIBIT (ALSER)

COMMANDS IN (8)

FILTER BYPASS

SITE SURVEY

TJEMP CONTROL

CLOCKS

DATA LINE
DIGITAL DATA OUT
MPx-AfD (SCIENTIFIC & ENGINEERING) OUTPUT DATA SERIAL DATA
CONVERTER 10 BITS 10 B1TS BUFFER [ 0uT 10 ALSEP
cu!.cxs T ? DATA DEMAND LINE .
gl gl F==mee———, _ DIGIIAL EIWTER, . g 2 (ALser)
Zl 21 -1 ] - n
3| 3 1 ! 3 &
al el } L8
T DATA !
) 24 1
1 RITHMET]
i uNIT BITS[MEMORY :
| VB
| | e
i =3
| B
I | b
! g 9 : o
| 2| 2
| ] El g
| 2 -
! |
AN !
: SCIENTIFIC : .
SEQUENCER i
|
|
|
—



FUNCTIONAL BLOCK-DIAGRAM — HOUSEKEEPING/OPERATIONS

- o AC MOTOR PWR

- AC MOTOR PWR

e Fup posiTiong 3
POS) TION
DETECTOR je-EXCLIATION
Y FLIP FLIP POSITIONS (3

I
8o
PR FUP POSITIONS (3
DETECTOR |aEXCITATION
X GIMBAL GIMBAL
POSITION POSITION
DE TECTOR
7 GIMBAL
POSITION
DETECTOR

ENGINEERING

DATA
ELECTRONICS

z DC HIR PWR
HEATER

GFu BASE |——LEMP
TEMp :
SENSOR L2OT

GRAVITY

END OF SIT

CONTROL
SURVEY —

SWITCH

X _BOOM TEMP

Y BOOM TEMP -

2 BOOM TEMP

GFU BASE TEMP

ELEX. TEMP

GRAVITY LEVEL &

GRAVITY LEVEL ¥2

X FLIP POSITION STATUS
@)

v FLIP POSITION STATUY
@)

2 FUP POSITION ST(AZ)TUS

X_GIMBAL STATUS

Y GIMBAL STATUS

2 GIMBAL STATUS

HTR POWER STATUS

X OR Y TEAPCONTROL

LIP INSTRUCTION 3}

() 0HLNOD 811Y )

o —

N

S5, INITIATE
MD

FLIPZCAL/INITIATE,

Mo

SITE SURVEY /FLIP
CAL PROGRAMMER

ENGIN DATA \ "
SEQUENCER " (STATUS BIVS)
2 CLOCKS TIMING swnch’D
> PwR (10

CLOCKS &
CONTROL (14)

FLIP JCAL INHIBIT

SYSTEM TIMER

X _POSITION

¥ POSITION

Z_POSITION

s N&LET

SHIF T LINE
LSEP) 1060 PPS

FRAME SYNC (ALSEP)
0.6 S Al

CLOCKS (FROM GFU)
A "
w 2 0~ 2 v
+ o+
P
< <
" on
I ~
oc/pc
\POWER FILTER 16V CONVERTER

(PART OF SENSOR

COMMON ELECT)

29V ALSEP PWR IN <

CLOCKS

MONITOR POINTS

GSE CONNECTOR

10 GSE
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ILSM #4 Gimbal-Flip Unit Assembly



GIMBAL FLIP UNIT

(24) FOUR IDLER PULLEYS, FREELY MOUNTED — MAIN SENSOR FLIP CABLES,
TEFLON-COATED BEARING SURFACES CAPTIVE - ENDED TOP AND BOTTOM
LOWER HALF OF BEARING

 IDLER SHAFT INSIDE FIRST FASTENED TO TUBE
HINGE ON TOP OF CHASSIS TORSION SPRING WHICH

GIMBALS HEAD
‘ i A (19)SENSOR, MAGNE TOME TER
By 2 (\if’“ B 90 -deg POSITION
T X3 N\ ) SPLIT SENSOR HOUSING
SLACK — g =it } ) IR @& FOR DISCONTINUITY
TAKE-UP SPRING (33) N 7 OF METALLIC HOUSING
90-deg GIMBAL CABLE - ¥ G (18) SENSOR, MAGNETO~
WHEN PULLED, METER, O-deg
ROTATES HEAD 90 deg POSITION
(i) TOGGLE (i7) SENSOR SHAFT
SPRING
GEAR TRAIN CLUTCH (i) SECONDARY @6) HEATER
oA TOGGLE (16) SENSOR HEAD HOUSING
AC MOTOR )\ /‘5 ARM (14) 90-deg STOP PAWL
.’ d
2- DIRECTIONAL DRIVE 400 Hz AC, W\ /
2 PHASE (PHASE REVERSAL: Q (15) TORSION SPRING LOADING
MOTION REVERSAL)(}) NORMALLY HOLDS STOP OPEN
90-deg STOP CABLE :
ONE-WAY CLUTCH (34 PRIMARY (13)90-deg
TOGGLE ARM (9)OUTPUT SHAFT WITH DRIVE PULLEY

o DRIVER, PRIMARY ARM AND 2:1 STEP-UP GEAR PASS

(6) GIMBAL RELEASE ACTUATOR

FOLLOWER ASSEMBLY FOR POSITIVE ENGAGEMENT
OF 90-deg STOP: OVERRIDE FEATURE (LEAF SPRING)

90-deg
STOP CAM

(3)DETENT SYSTEM (45-deg INCREMENTS,
8MOTIONS) LAST DETENT PERMANENTLY
DISENGAGES CAM MAIN TOGGLING MECHANISM
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ELECTRONIC PACKAGING DESIGN



II.

I1X.

Iv.

VI.

L.S.M. PROCESSOR ELECTRONICS
PHYSICAL & ENVIRONMENTAL SPECIFICATIONS

Weight Allocation 5.90 Lbs.
(LsM #2 weigﬁed 6.91 1bs.)

Volume Allocation 320 in3

Magnetic Cleanliness (System Level), Measured
at 3 feet, any axis 2.0 gamma max.

(LSM #3 measured; X = 2.8; Y = 3.0; Z = 3.5)

Vibration, Sinusoidal

Original Sysfem Spec. Revised (Typical 7 Axis)
10 - 50Hz 13 g 5 - 13 Hz 0.5" Double Ampl.
50 - 100 Hz 26 g 13 - 100 Hz 4.5 g

100 - 200 Hz 19.5 g

200

500 Hz 6.5 g

Vibration, Gaussian Random

Original System Spec. Revised (Typical Z Axis)
20 - 2000 Hz @ 0.048 gz/Hz 20 - 2000 Hz @ .012 gz/Hz
Shock (Original Spec.) 32 + 2 g for 200 ms
Temperature
Without Dust OOC to + 50°¢
With Dust -30°¢ to + 65°¢

Survival -SOOC to +1250C



L,S.M, DESIGN RESTRAINTS

Description

1. Extremely large number of electronic parts within the specified

volume and weight.
2. Magnetic signature-criteria for reduction.

a. No magnetic materials or parts shall be used when reliable

non-magnetic substitutes can be found.

b. Each part and material used in construction shall be magnet-

ically inspected. .

c. Fabricated parts may not be considered non-magnetic unless
magnetiéally inspected. (Chips, fillers and machine shop

lubricants have been found to cause magnetic contamination.)

3. Interface of electronic subsystem directly with the electromechanical
 units on top of the box. Close coupling of sensor lines to the

circuits were necessary for performance.

4. Utilize the design criteria and common hardware from the Pioneer

Magnetometer Instrument.

Plan

Develop new packaging concepts and processes to produce a new high in packaging

density.

Develop realistic approaches to positive design techniques minimizing magnetic
signature - outline of guides and direction to large number of designer/

drafting force. Careful study of materials and selection.

Integrate external connectors of Boom's into sensor module configuration within

the unit.



- Complexity

1. To perform the electrical functions a total of approxi-
mately 800 integrated circuits and 2340 discrete parts,
(transistors, resistors, etc.) were used; a memory unit

measuring 4.8 x 6.4 x 1.2 was also included.

2. These were packaged in 78 1.C. substrates, 38 cordwood

modules and six connector modules.

3. The substrates and cordwood modules then formed 15 sub-
_ systems which were encapsulated into 20 modules plus six

connector modules.

4. To connect all those parts together to form a functioning

'system requires over 60,000 interconnects!

5. A total of over 750 drawings are required to assemble and

control the electronic package.



MAGNETIC CLEANLINESS PROGRAM FOR THE LUNAR SURFACE
AND PIONEER MAGNETOMETERS

Three basic guidelines were developed and served as the foundations of the

magnetic cleanliness programs:

1. Eliminate of all "hard" (permanent) magnetic materials. Any
permanent magnet is constrained by the 2 gamma at 3 feet

specification and adds directly to the instrument magnetic field,

2. Reduction of fields due to "soft'" magnetic material. The utili-

zation of "soft" magnetic materials was not permitted except for
Kovar or Nickel leads and cases, and magnetic circuits. '"Soft"
magnetic materials as defined herein are those materials which may
be depermed to zero, but which acquire and retain a "magnetization"
when exposed to a magnetic field. It is this soft material which
is most detrimental to instrument performance, since, aside from
the specification, the magnetic field read by the instrument due to
this source is a pure uncertainty in the data. It is this area

that received the primary attention of the magnetics control program.

3. Reduction of current-induced magnetic fields. Layouts of a given

circuit, even though designed with non-magnetic parts and materials,
may still give magnetic problems if proper procedures are not followed.
The magnetic field produced by a small current loop in an iron free

region is proportional to the product of:
a. The average area enclosed by the loop,
b. The number of turns, and

¢. The current.

It is in this area, that the layout and orientation of the parts and

the functional circuitry were important.



STUDIES & TESTS

Using the magnetic cleanliness guidelines, extensive studies and tests were

made with the following results:

o Close proximity packaging was mandatory for the reduction of

instrument magnetic signature.

o Passive Elements

Resistors and capacitors are without exception specified to be
nonmagnetic. In some isolated instances, resistors with Kovar
end caps were accepted. For the most part, Angstrohm and Allen-

Bradley resistors with oxygen-free copper leads were chosen.

(Magnetic circuits of both powdered iron and tape-wound cores were
used. Recognizing that the iron is prone to spreading stray field,

care was taken to achieve stray field cancellation.)

o The use of glass sealed parts dictated the use of magnetic materials

(i.e., Kovar, dument or diodes, transistors, and I.C. circuits).

0o The minimum feasible lead length must be used. (0.060 inches was

determined to be the minimum lead length required for welding.)

o Welding was chosen for close part proximity connection, weight and

reliability.

o Orientation of parts was critical for the reduction of dipoles and

current loops.

o The large number of integrated circuits dictated the I.C. module
design as the controlling restraint to the magnetic cleanliness
requirement.

o The optimum packaging technique is to place the I.C.'s in a

vertical stack with minimum separation.






Integrated Network Module System

The integrated networks are parallel-gap welded to copper-clad glass epoxy

boards. The etched patterns on the board are designed on the bases of:

e Minimum Conductor Routing
o Minimum Interconnections

e Repeatability in the printed wiring board configuration.

Grouping of the integrated networks is accomplished through overall circuit

analysis of the system.

The I.C. board configuration became of extreme importance early in the

instrument design, to meet the following requirements.

e Minimize integrated network lead length to reduce magnetic

material in instrument.
e Minimize board material thickness to reduce weight and volume.
e Control board height because of instrument width.

e Control voltage and ground arrangement to aid in cancelling

the induced magnetic field effect.

Normally, integrated network leads are preformed for installation onto a board
using a minimum of .120 inch lead length (.060 for bend area, and .060 for at-
tachment). However, with approximately 11,956 leads involved, it was advantageous
to eliminate the excess lead material in the bend area. After considering
tolerances, it was possible to reduce the lead length to .080, thus saving 1.00

inch per integrated network, or 71 feet of magnetic material in the instrument. .

.120 - .080 = (.040) x (10 leads)(854) 341.60 inches
.230 ~ .080 = (.150) x ( 4 leads)(854) 512.40 inches

854.00 inches

180 alloy ribbon extensions were added on to leads 1, 7, 8 and 14 to bring them

in line with the remaining pattern.
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Formed Printed Board

With the excess magnetic material removed and a smaller mounting pattern
available, the remaining problem was attachment. This was accomplished

by forming the ﬁrinted wiring board material. The etched .004-inch thick
copper-clad glass epoxy board is permanently formed by temborarily exposing
the material to a temperature above the initial cure temperature and then

applying pressure. 'Figure shows the formed board.

This technique produced two trough areas along the board for integrated
network installation, strengthened the board, allowed use of the smaller

I.C. mounting pattern, and minimized overall board assembly thickness.

Circuit requirements demanded the use of both the front and rear sides of

the printed wiring board for conductor routing. The transition from one side
of the board to the other is accomplished by using 180 alloy ribbon feed-
throughs, .005 x .020 inches in cross-section. The feed through is parallel
gap welded to a conductor pad and passes through an access hole to a con- '
ductor pad on the opposite side of the board. Jumpering on a given side of

a board is accomplished by insulating the conductor area and strapping across
with the .005 x .020 180 alloy ribbon. Each board has .005 x .020 180 alloy
ribbon leads parallel gap welded onto etched conductor pads provided near the
edges of the printed wiring board. The bottom, or base edge, of the board
has pads on a tenth inch grid and is used for thos signals that must pass to
other functions outside the module. The other three edges have the pads |
positioned on a .050 inch grid and are used for interconnects between printed

wiring boards within the same module.

A separate substrate was used to control the power and ground conductor
arrangement throughout the group of integrated network boards. Alternating
the ground and power conductor pattern throughout the board grouping helped

in cancelling the inducted magnetic field effect.



The required voltage and ground plane conductors are etched on a standardized
.004 thick copper-clad glass epoxy board. A standard cutout was developed
for the network area and punched into the substrates at the respective 6 and

12 positions.

The voltage and ground plane substrate is then bonded to the top surface of
.the formed board using a double back thermosetting tape placed on the sub-

strate prior to punching.

The integrated networks are parallel-gap welded onto the board and power and
ground pads to complete the board assembly. The six-position board measured
.080 x 1.150 x 1.460 while the 12-position board was .080 x 1.150 x 3.010.

The assembled boards are positioned vertically onto a .010 thick epoxy board
base header. The boards are located on .080-inch increments. The standard
grid normally used for I.C. modules is .100-inch centers; however, the

extremely thin formed board made it possible to reduce the space required
by 20%.

Interconnections between boards are accomplished with .010 x .015 180 alloy
ribbon resistance welded to the ribbons positioned around the board (see

Figures and ). The interface to the base or external connections

is via .0l5 diameter 180 alloy welded to the ribbons bent at right angles
along the bottom edge of the board.

The completed integrated circuit module is then encapsulated with a lightweight
foam embedment CPR 17-2A, C02 blown polyurethane foam. Electrical testing

of the integrated network board is accomplished at the individual board using
suitable test fixture adapters, and at the module level prior to the embedment

‘process.



Cordwood Module System

. This concept packages a functional group of discrete electrical components
by stacking them in "cordwood" fashion between mylar welding planes or
substrates. These substrates are photqgraphically reproduced identification
layers which locate parts placement, welded ribbon routing, and outgoing

pin locations. This module is oriented either vertically or horizontally

with respect to the mounting or thermal surface of the multilayer panel.

Actual orientation is based on overall parts grouping and conductor routing
as an aid in reducing the magnetic signature of the instrument. Component
leads with magnetic material are clipped to .080 lengths and 180 alloy .015

inches in diameter is resistance welded to the remaining portion.

Modules requiring shielding are enclosed in .005 thick gold plated copper
covers. The covers are terminated either to a signal ground lead provided

at the top of the module, or fully enclosed by soldering to a .005 thick

gold plated'copper sheet at the base of the module. After pre-pot testing is
completed, the modules are encapsulated in a lightweight foam embedment. The
shield cover is used as the module mold during the embedment process. Accurate-
ly machined molds are used to establish the outline dimensions during the

embedment process for the remaining modules.

T-Frame Module System

Circuitry containing high heat dissipating components are packaged into the

"D frame module configuration. These are the DC/DC converter, the motor
converter, and the motor driver. Each module consists of a gold plated '
aluminum frame onto which are cemented the electronic components. The metal
ffame also contains the mechanical components required for mounting the module
and acquiring electrical continuity to the interconnect board and thermal plane.
The electronic parts are interconnected by use of miniature resistance welding
techniques. Interconnection ribBons of .010 x .015 180 alloy are welded from
point to point. A .005 thick gold-plated copper cover is placed over the
assembly and sealed to the mounting flange. The module is then encapsulated

with a lightweight foam embedment.



Processor Electronics Subsystem Components

The LSM Processor Electronics Subsystem is housed within

the electronics Gimbal Flip Unit (EGFU). Three separate

electronic assemblies plus the chassis and cover make up

the subsystem. The electronic assemblies are as follows:

1 A-1
and
2. A-Z
and
3. A-3

A-1

interconnect or motherboard which supports

i

interconnects all analog function modules.

interconnect or motherboard which supports

interconnects all digital function modules.

interconnect harness which interconnects the

and A-2 boards.



The modules on the A-1 board include the following:

1. Multiplexer and A/D Converter Module
2. Engineering Data Electronics Module

3. Magnetic Sensor Electronics Module

4. Sensor Driver Modules

5. Calibrate/Offset Bias Generator Module

6. Electrical Interface Connector Modules

The digital modules on the A-2 board include:

Arithmétic Module

Scientific Sequencer Module

Engineering Sequencer Module

Site Survey/Flip Calibrate Sequencer Module
Output Data Buffer Module

.

System Timer Module

Power (DC-DC) Converter Module

.

Memory

O 00 N o DW=

Offset Command Logic Module

The two interconnect boards are 10-layer epoxy laminates with copper
circuit traces, a voltage ground, and a heat sink layer. Tubelets
penetrate the board where connections are to be made and are tab-welded
to the proper trace.

The two boards are themselves interconnected by means of the A-3 inter-~
connect. This is a group of several independent multiple conductor
ribbon cables with flat copper conductors imbedded in mylar. Each cable

connects between terminal strips which are part of the A-1 and A-2 boards.



A3 INTERCONNECT HARNESS

J3 BOOM CONNECTOR

A1 MOTHERBOARD

— A2 MOTHERBOARD

FOAM TAPE

HOUSING

SITE SURVEY
FLIP CAL

CHANNEL ELECTRONICS

BOTTOM COVER
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The subsystems are installed from opposite sides of the housing,
positioned on internal rails, and loaded in compression against one

“another. The loading is accomplished using:

o Threaded fasteners in the rail areas,
o Standoff posts through the center section,

0o With compression fingers provided around the internal

periphery of the two external covers, and

o A controlled foam interface between the subsystems.

This arrangement was chosen for the following reasons:

1. The unusual envelope configuration was needed to mate with

the G.F.U. interface.

2. The 2.57 inch dimension between rails is twice the height
needed to package high density welded modules, and with the
extremely large number of components required, back-to-back

installation was feasible.

3. One of the main design goals in minimizing the magnetic
signature of the instrument was to keep component circuits
close together to aid in cancelling the induced magnetic
field effect.

4., Weight was of primary importance in choosing this arrangement.
Less structure was required to stiffen the unit, and therefore

less mass involved.

5. The mounting rails, in addition to being structural members,

serve as a thermal surface for the two modular subsystems.



Interconnection Panel

The interconnection panel serves as an interconnection system, a structural member,

and a thermal conduction plane for the module groupings.

The welded multilayer interconnection panel consists of a series of stacked etched
.004 thick copper clad printed wiring layers that are electrically connected using
miniature brass tubelet terminals. A .005 x .020 180 alloy ribbon tab is welded
to printed wiring pads bent at a right angle, and welded to the adjacent tubelet

after lamination.

The first or base layer is a .062 inch glass epoxy printed wiring board into which
the tubelet terminals are swaged. The front side contains circuitry for required
voltage and ground interconnect. The rear sidé contains full cladding of .0028-
inch thick copper, gold plated, with clearances at the tubelet positions. This
surface serves as a direct thermal path for the individual modules to the housing
rails. The remaining layers are stacked onto the base layer, using pre-drilled
tubelet clearance holes as an indexing guide. For lamination, .005 thick "B" stage

glass epoxy adhesive is placed between each layer during the stacked operation.

The final or top layer is the exposed surface of the panel, and serves as an
identification aid. Information photographically produced on this mylar layer
includes the reference outline of positioned modules located on the opposite
surface of the panel, module reference designations, and module lead location with
pin numbers identified. The rear surface of this mylar layer is coated with a
pigmented epoxy paint. The transparency of the mylar film positive permits the
Cat-L-Ink to become the background color. This produces a color contrast of
black characters and reference outlines against a green surface, resulting in a

satisfactory level of legibility.
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THERMAL DESIGN
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ADIABATIC HEATER

EGFU SOLAR
FLUX SIMULATOR

-85

-189
-164

SUNSHIELD SOLAR
FLUX SIMULATOR

-210

-190
|-34
a5 NOTES: ]
=35 1) PRA SIZE: 35 IN° (TOTAL)
SUNSHIELD THERMAL 2) EGFU POWER: 3,5 NATTS
BLANKET ,
=171 , 3) ALL TEMPERATURES IN °F

-35



EGFU SOLAR
FLUX SIMULATOR

120
18—
s
149
145
Q 151
145
' N.R. 44
,% 293
145 ﬁ
136
. 212 53
A
SUNSHIELD SOLAR 146 _
FLUX SIMULATOR 145 143
253 145
145
147
145
147

145 NOTES:
145

' 2
SUNSHIELD THERMAL !) PRA SIZE! 35 1IN

BLANKET 2) EGFU POWER: 3.5 WATTS

144 3) ALL TEMPERATURES IN °F



LOCATED IN CENTER OF
LUNAR SIMULATOR

CALORIMETER FOR CALORIMETER FOR
SEGMENT A %\ SEGMENT B
SEGMENT A\\ \ SEGMENT B

LUNAR SIMULATOR—\ LSM SUBSYSTEM MODEL"

NOTES:

1) CALORIMETERS ARE LOCATED IN
THE SAME VERTICAL PLANES
AS THE PRA'S

2) CENTERS OF CALORIMETERS
ARE ELEVATED 10" ABOVE
LUNAR SIMULATOR

3)° AVE. VIEW FACTOR OF MODEL.
VERTICAL SIDES TO LUNAR
SIMULATOR -0,50

C. A. Zierman
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ELECTRONICS TEMPERATURE, °F
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LSM FABRICATION/INSPECTION PLAN

A.0

ELECTRONICS/MECHANICAL PARTS

5.0

CORDWOOD MODULE ASSEMBLY

A1
A.2
A3

Receiving Inspection
Electrical/Magnetic Screen - Code - QC Inspect.
Bonded Stores - Kit - To steps 3.0,5.0

1.0

VOLTAGE GROUND PLANE

1.1
1.2
13
1.4
15
1.6

Fab printed circuit per print
QC Inspect

Punch tool holes, drill and trim
Pierce window holes

QC Inspect

Bonded Stores to step 3.3

2.0

PRINTED WIRING BOARD

2.1
2.2
2.3
24
25

Fab printed circuit per print
QC Inspect )

Punch, trim and hot form
QC Inspect

'Bonded stores to step 3.1

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14

Fab module mylar substrates per print
QC Inspect

Punch and trim

Load components

QC inspect

Weld and tag with P/N and S/N
QC Inspect

Electrical test

QC Inspect - GSI

Encapsulation or step 6.1

QC Inspect

Post-pot electrical test

QC Inspect - (Verify test data)
Bonded stores to step 6.1 or 10.1

6.0

1C/CW MODULE ASSEMBLY

3.0

PRINTED WIRING BOARD ASSEMBLY

3.1
3.2
33
34
3.5
3.6
3.7
3.8
39

Weld jumpers and feed throughé
QC Inspect

Install Power and Ground Plane
QC Inspect

Weld leads and integrated circuits
QC Inspect '
Electrical test

QC Inspect - GSI

Bonded stores to step 4.1 or 6.1

6.1
6.2
6.3
6.4
6.5
6.6
6.7

Mount mods on header per print

Electrical test - Install S-A-T parts per print
QC Inspect GSI

Encapsulate

Electrical test and identify

QC Inspect (Verify Test Data)

Bonded Stores to Step 10.1

7.0

INTERCONNECT BOARD ASSEMBLIES

4.0

INTEGRATED CIRCUIT MODULE ASSEMBLY

41
4.2
43
44
4.5
4.6
4.7
4.8
4.9

Install IC cards in assembly fixture
QC Inspect

Weld interconnections and identify
QC Inspect,

Pre-pot electrical test

QC Inspect - GSI

Bond Leads to header

QC Inspect

Bonded stores to step 6.1 or 10.1

171

7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.1

Fab identification mylar per print
QC Inspect

Fab interconnect PWB'’s per print
QC Inspect

Weld, laminate and identify
Pre-pot electrical test

QC Inspect

This step intentionally deleted.
Electrical test

QC Inspect GSI

Bonded Stores to step 10.1

8.0

CONNECTOR ASSEMBLIES

8.1
8.2
8.3
84
8.5

Fab per print

QC Inspect GSI {Solder)
Encapsulate

Electrical test, QC Inspect
Bonded Stores to step 10.2




LSM FABRICATION/INSPECTION PLAN

Bonded stores to step 12.1

9.0 FAB CHASSIS/COVER/MISC HARDWARE 12.0 LSM INTEGRATION
9.1 Machine and finish per print 12.1  Integrate Processor Electronics and Electro--
9.2  Identify mechanical Subsystem - QC Witness - GSI
9.3  QC Inspect 12.2  Pre-acceptance tests, final adjustments - QC
9.4 Bonded Stores to step 10.1 Monitor
12.3 Install S-A-T parts & solder, QC Inspect GS!
10.0 PROCESSOR ELECTRONICS ASSEMBLY 12.4°  Conformal coat - QC Inspect
10.1 Install modules on mother boards {temporary) 125  Install Covers etc. QC Inspect GSI
10.2 Mount temporary connector and mother board 12.6 Install P.R.A., etc. per Shop Orders
assemblies on chassis and torque 12.7 QC Inspect - GSI
10.3 Pretest Processor Electronics *12.8 Perform Acceptance test per SB173080-QC and
QC Surveillance - Mate with sensors and GFU DCAS Witness - GSI
as required 129 Prepare for shipping, QC Inspect
10.4 Final assembly. Install “Select At Test” parts 12.10 Prepare Data Package, Review Documentation
105 Complete welding operations (ac)
10.6 QC Inspect GSI A
10.7 Conformal coat and encapsulate * For Qual Model - Qual. Test per SR173080
10.8 QC Inspect
10.9 Mount connector and mother boards on
chassis and torque
10.10 QC Inspect
10.11  Install covers
10.12  Test per SB173495, QC Witness.
(Review test data)
10.13 Bonded Stores to step 12.1
11.0 ELECTROMECHANICAL SUBSYSTEM ASSEMBL.Y]
11.1 Fab parts per print - QC Inspect
1.2 Assemble GFU per print and Operator Guide
QC Inspect. Electrical test.
11.3 Assemble Sensor Arm Assembilies per print and
' Operator Guide. QC Inspect. Electrical test.
mn4 Assemble Legs, Sun Indicator etc. per print
E and Operator Guide. QC Inspect.
;11.5 Integrate Electro-mechan. subsystem less covers,
}i Thermal Control System etc.
11.6 QC Inspect - GSI
11.7 Test per SB 175820, QC Witness,
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TESTING
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